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(54) Coated cemented carbide endmill having hard-materials-coated-layers excellent in adhesion 



(57) A coated cemented carbide endmill, compris- 
ing a tungsten carbide based cemented carbide sub- 
strate having a composition of 5 - 20 wt% of Co as a 
binder phase forming component, when necessary, 0.1 
- 2 wt% of one or two of Cr and V as the binder phase 
forming component, 0.1-5 wt% of one kind or more 
kinds of carbides and nitrides of Ti, Ta, Nb and Zr as 
well as two or more kinds of solid solutions thereof as a 
dispersed phase forming component and the balance 
being tungsten carbide as the dispersed phase forming 
component and inevitable impurities, wherein the tung- 
sten carbide has a refined particle structure having an 
average particle size of 0.1 - 1.5 jim, the tungsten car- 
bide based cemented carbide substrate has a surface 
layer formed to the surface portion thereof which is 
formed by being heated at a high temperature and in 
which composite carbides created by the reaction of Co 
and W are distributed over a depth of 0.1 - 2 jim from 
the uppermost surface at the cutting edge thereof and 
further the cemented carbide substrate has hard-mate- 
rial-coated layers composed of a Ti compound layer 
and, when necessary, an aluminum oxide layer formed 
thereto in an average layer thickness of 0.5 - 4.5 pm, the 
Ti compound layer being composed of one or more lay- 
ers of a Titanium carbide, Titanium nitride, Titanium 
carbo-rtitride, Titanium oxy-carbide, Titanium oxy-nitride 
and Titanium oxy-carbo-nrtride formed by medium tem- 



perature chemical vapor deposition and the aluminum 
oxide layer being formed by medium temperature chem- 
ical vapor deposition or high temperature chemical 
vapor deposition. With this arrangement, there can be 
provided a coated cemented carbide endmill having 
hard-material-coated layers excellent in an adhesion. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a coated cemented carbide endmill exhibiting excellent wear resistance for a 
long period of time because even if the endmill is used in high speed cutting, the hard-material-coated-layers of the end- 
mill are not exfoliated due to the excellent adhesion thereof. 

w 

2. Description of the Related Art 

[0002] Conventionally, there is known coated cemented carbide endmills composed of a tungsten carbide (hereinaf- 
ter, shown by WC) based cemented carbide substrate (hereinafter, simply referred to as a cemented carbide substrate) 

is having a surface portion to which formed, in an average layer thickness of 0.5 - 5 nm, are hard-material-coated-layers 
composed of a Ti compound layer which is composed of one or more layers of a Titanium carbide (TiC), Titanium nitride 
(TiN), Titanium carbide-nitride (TiCN), Titanium oxy-carbide (TiCO), Titanium oxy-nitride (TiNO) and Titanium oxy- 
carbo-nitride (TiCNO), each of the hard-material-coated-layers being formed by medium temperature chemical vapor 
deposition (a method generally referred to as MT-CVD by which vapor deposition is performed at 700 - 980°C which is 

20 relatively lower than the vapor deposition temperature 1 000 - 1 1 50°C employed by ordinary high temperature chemical 
vapor deposition (hereinafter, referred to as HT-CVD)), as shown in, for example, Japanese Unexamined Patent Publi- 
cation No. 62-88509. 

[0003] Recently, since labor and energy are greatly saved in a cutting process, there is a tendency that a cutting speed 
as one of cutting conditions is further more increased accordingly. When the conventional coated cemented carbide 

25 endmills are used under such high speed condition, the hard-material-coated layers are liable to be exfoliated due to 
their insufficient adhesion, by which the endmills are remarkably worn and their life is ended in a relatively short time. 
[0004] To cope with this problem, the inventors directed attention to the conventional coated cemented carbide end- 
mills from the above point of view and made studies to improve the adhesion of the hard-material-coated layers consti- 
tuting the endmills. As a result, the inventors have obtained a conclusion that when a coated cemented carbide endmill 

30 is arranged as shown in the following items (a), (b) and (c), the adhesion of the Ti compound layer to the surface of the 
cemented carbide substrate of the endmill is greatly improved by a surface layer which is formed to the surface portion 
thereof by being heated at a high temperature and thus the hard-material-coated layer of the coated cemented carbide 
endmill is not exfoliated even if the endmill is used in high speed cutting and the endmill exhibits excellent wear resist- 
ance for a long time: 

35 

(a) the cemented carbide substrate has a composition of 5 - 20 wt% of Co (hereinafter, % shows wt%) as a binder 
phase forming component, further when necessary, 0.1 - 2% of one kind or two kinds of Cr and V as the binder 
phase forming component further when necessary, 0.1 - 5% of one kind or more kinds of carbides, nitrides and 
carbonrtrides of TI, Ta, Nb and Zr (hereinafter, shown as TiC, TiN, TiCN, TaC, TaN, TaCN, NbC, NbN, NbCN, ZrC. 

40 ZrN and ZrCN, respectively) as well as two or more kinds of solid solutions thereof (hereinafter, they are shown as 
(TI, Ta, Nb, Zr) C • N as a whole) as a dispersed phase forming component and the balance being WC as the dis- 
persed phase forming component and inevitable impurities, wherein the WC has a refined particle structure having 
an average particle size of 0.1 - 1.5 urn; 

(b) when the cemented carbide substrate shown in (a) is heated at a high temperature in a hydrogen atmosphere 
45 in which a carbon dioxide gas or titanium tetrachloride is blended under conditions that the atmosphere is set to a 

pressure of 50 - 550 torr and the substrate is held at a temperature of 900 - 1000°C for 1 - 15 minutes, a surface 
layer created by the reaction of composite carbides of Co and W (hereinafter, shown by COmWnC) is formed to the 
surface portion of the base substance over a predetermined depth from the uppermost surface at the cutting edge 
thereof. 

so (c) hard-material-coated layers composed of a Ti compound layer and, when necessary, an aluminum oxide (here- 
inafter, shown by AI2O3) layer are formed to the surface of the substrate having the surface layer which is formed 
by being heated at the high temperature and in which the reaction-created Co m W n C shown in (b) is distributed, 
wherein the TI compound layer is composed of one or more layers of a Tic, TiN, TICN, TiCO, TiNO and TiCNO 
using MT-CVD and the aluminum oxide layer is formed using MT-CVD or HT-CVD. 

55 

SUMMARY OF THE INVENTION 

[0005] The present invention achieved based on the result of the above studies is characterized in a coated cemented 
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carbide endmill having hard-material-coated layers excellent in an adhesion, the endmill comprising a tungsten carbide 
based cemented carbide substrate having a composition of 5 - 20 wt% of Co as a binder phase forming component, 
further when necessary, 0.1-2% of one kind or two kinds of Cr and V as the binder phase forming component, further 
when necessary, 0.1-5% of one kind or more kinds of (Ti, Ta, Nb, Zr) C • N as a dispersed phase forming component 

5 and the balance being WC as the dispersed phase forming component and inevitable impurities, wherein the WC has 
a refined particle structure having an average particle size of 0.1 - 1 .5 urn. the cemented carbide substrate has a sur- 
face layer formed to the surface portion thereof which is formed by being heated at a high temperature and in which 
reaction-created Co m W n C is distributed over a depth of 0.1 - 2 *im from the uppermost surface at the cutting edge 
thereof and further the substrate has coated layers composed of a Ti compound layer and, further when necessary, an 

10 Al 2 0 3 layer formed thereto in an average layer thickness of 0.5 - 4.5 jim, the Ti compound layer being composed of one 
or more layers of a TiC, TiN, TiCN, TiCO. TiNO and TiCNO using MT-CVD and the Al 2 0 3 layer being formed using MT- 
CVD or HT-CVD. 

[0006] Next, reasons why the compositions of the cemented carbide substrate constituting the coated cemented car- 
bide endmill of the present invention, the average particle size of WC particles and the distributed depth of Co m W n C 
15 and the average layer thickness of the hard-material-coated layers are limited as described above will be described. 

(a) Co content 

[0007] Co has an action for improving a sinterability and thereby improving the toughness of the cemented carbide 
20 substrate. When a Co content is less than 5%. however, a desired toughness improving effect cannot be obtained, 
whereas when the Co content is larger than 20%, not only the wear resistance of the cemented carbide substrate itself 
is lowered but also the cemented carbide substrate is deformed by the heat generated in high speed cutting. Thus, the 
Co content is set to 5 - 20% and preferably to 8 - 1 2%. 

25 (b) Cr and V 

[0008] Cr and V are contained in a necessary amount because they are dissolved in solid in Co as the binder phase 
forming component to thereby strengthen it as well as contribute to refine the WC particles and further have an action 
for promoting the formation of the reaction-created Co m W n C which is distributed in the surface layer formed by being 

30 heated at the high temperature to thereby improve the adhesion of the hard-material-coated layers achieved by the 
reaction-created Co^nC. When their content is less than 0.1%, however, it cannot be expected that the above action 
achieves a desired effect whereas when their content is larger than 2%, the above action is saturated and an improving 
effect cannot be further enhanced. Thus, their content is set to 0.1 - 2% and preferably to 4 - 0.8%. 
[0009] When the coated cemented carbide endmill is made, it is preferable that Cr and V as the binder phase forming 

35 component are used in the form of carbides, nitrides and oxides of Cr and V (hereinafter, shown as Cr 3 C2, CrN, Cr 2 0 3 . 
VC, VN and V 2 0 5 and further shown as (Cr, V) C • N • O as a whole) as material powders. Since these material powders 
are dissolved in solid in Co as the binder phase forming component when sintering is carried out and form a binder 
phase, a precipitate containing Cr and V as one of components cannot be observed by an optical microscope or a scan- 
ning electron microscope. 

40 

(c) (Ti,Ta, Nb,Sr)C*N 

[001 0] Since these components have an action for improving the wear resistance of the cemented carbide substrate, 
they are contained in a necessary amount. When their content is less than 0.1%, however, a desired wear resistance 
45 improving effect cannot be obtained, whereas when it is larger than 5%, toughness is lowered. Thus, their content is set 
to 0.1 - 5% and preferably 1 - 2.5%. 

(d) Average particle size of WC 

so [001 1 ] It is intended to improve the strength of the cemented carbide substrate by the refined particle structure of WC 
particles and the refined particle structure is obtained by setting the particle size of WC powder used as material pow- 
der to 1 .5 urn or less. Accordingly, when the average particle size of the material powder is larger than 1 .5 \im t a desired 
strength improving effect cannot be obtained, whereas when it is less than 0.1 ^m, wear resistance is lowered. Thus, 
the average particle size of the WC powder is set to 0.1 - 1 .5 jim and preferably to 0.6 - 1 .0 urn. 

55 

(e) Average distributed depth of Co m W n C 

[0012] Since the portion of the endmill which contributes to cutting is a cutting edge and the portion of the endmill 
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which is far from the cutting edge does not contribute to the cutting, the average distributed depth of Co m W n C is impor- 
tant at the portion of the cutting edge. Thus, the average distributed depth will be prescribed here. When the average 
distributed depth of Co m W n C is less than 0.1 um, the ratio of it distributed in the surface layer formed by being heated 
at the high temperature is too small for the Co m W n C to secure a desired excellent adhesion to the hard-material-coated 
5 layers, whereas when the average distributed depth thereof is larger than 2 urn, since ratio of the average distributed 
depth of the Co m W n C in the uppermost surface portion of the cemented carbide substrate is made excessively large, 
chipping is liable to be caused to a cutting edge. Thus, the average distributed depth is set to 0.1 - 2 urn and preferably 
to 0.5- 1.5 um. 

w (f) Average layer thickness of the hard-material-coated layers 

[0013] When the average layer thickness of the hard-material-coated layers is less than 0.5 um, desired excellent 
wear resistance cannot be obtained, whereas when the average layer thickness is larger than 4.5 um, chipping is liable 
to be caused to the cutting edge. Thus, the average layer thickness is set to 0.5 - 4.5 um and preferably to 1 .5 - 2.5 um. 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0014] A coated cemented carbide endmill of the present invention will be specifically described with reference to 
embodiments. 

20 

(Embodiment 1) 

[0015] WC powder having a predetermined average particle size within the range of 0.1 - 1.5 um, various carbide 
powder, nitride powder and carbo-nitride powder each having the average particle size of 0.5 um as shown in Table 1 

25 and Table 2 and constituting (Ti, Ta, Nb, Zr) C • N and Co powder having the average particle size of 0.5 um were pre- 
pared as material powders. These material powders were blended to the composition shown in Table 1 and Table 2 like- 
wise, wet mixed in a ball mill for 72 hours and dried and thereafter pressed to green compact at the pressure of 1 
ton/cm 2 and the green compact was vacuum sintered under conditions that it was held for one hour in the vacuum of 1 
x 10" 3 torr at a predetermined temperature within the range of 1350 - 1500°C and cemented carbide substrates a - z 

30 which had compositions substantially similar to the above blended compositions and comprised WC particles having 
the average particle sizes shown in Table 1 and Table 2 were formed. 

[001 6] Further, cemented carbide substrates A - Z were made by forming a surface layer formed by being heated at 
a high temperature to the surface portion of each of the cemented carbide substrates a - z under the conditions shown 
in Table 3 and Table 4, the surface having Co m W n C distributed therein over the average depths shown in Table 3 and 
35 Table 4. 

[0017] Subsequently, hard-material-coated layers having the compositions and the average layer thicknesses shown 
in Table 6 and Table 7 were formed under the conditions shown in Table 5 to the surface of each of the cemented car- 
bide substrates A - Z and coated cemented carbide ball-nose endmills of the present invention (hereinafter, referred to 
as coated endmills of the present invention) 1 - 26 were made. The endmills were composed of a shank portion and a 

40 two-flute portion and had a ball-nose radius of 5 mm and a nelix angle of 30°. 

[0018] For the purpose of comparison, comparative coated cemented carbide endmills (hereinafter, referred to as 
comparative coated endmill) 1 - 26 were made, respectively under conditions similar to the above conditions except that 
cemented carbide substrates a - z, to which the surface layer formed by being heated at the high temperature was not 
formed, were used in place of the cemented carbide substrates A - Z having the above surface layer as shown in Table. 

45 8. 

[0019] Next, high speed copy milling was carried out, by means of the resultant coated endmills 1 - 26 of the present 
invention and the resultant comparative coated endmills 1 - 26, to alloy steel in a dry state by alternately effecting down- 
cut and up-cut milling under the following conditions and the worn width of the maximum flank face of the cutting edge 
of each of the endmills was measured. 

so 

material to be cut SKD61 (hardness: HrC 53) 
cutting speed: 800 m/min 
feed per tooth: 0.1 mm/cutting edge 
depth of cut: 0.5 mm 
55 width of cut: 0.5 mm 
length of cut: 250 m 



Since the comparative coated endmills 1 - 26 were worn at a high speed, the cutting operation of them was interrupted 



EP0900 860A2 

when the width of the maximum flank wear of the cutting edge reached 0.3 mm and the cut length up to that time was 
measured. Table 6 - Table 8 show the result of measurement, respectively. 

(Embodiment 2) 

5 

[0020] WC powder having a predetermined average particle size within the range of 0.1 ■ 1 .5 jim, Cr 3 C2 powder hav- 
ing the average particle size of 0.5 urn, VC powder having the average particle size of 0.5 um and Co powder having 
the average particle size of 0.5 urn were prepared as material powders. These material powders were blended at a pre- 
determined blend ratio, wet mixed in a ball mill for 72 hours and dried and thereafter pressed to green compact at the 
10 pressure of 1 ton/cm 2 and the green compact was vacuum sintered under conditions that it was held for one hour in the 
vacuum of 1 x 10~ 3 torr at a predetermined temperature within the range of 1350 - 1 500°C and cemented carbide sub- 
strates a - 1 which had the compositions shown in Table 9 and comprised WC having the average particle sizes shown 
in Table 9 were formed. 

[0021] Further, cemented carbide substrates A - T were made by forming a surface layer formed by being heated at 
15 a high temperature to the surface portion of each of the cemented carbide substrates a - z under the conditions shown 
in Table 10, the surface layer having Co m W n C distributed therein over the average depths shown in Table 10. 
[0022] Subsequently, hard-material-coated layers having the compositions and the average layer thicknesses shown 
in Table 12 were formed under the conditions shown in Table 1 1 to the surface of each of the cemented carbide sub- 
strates A - T and coated cemented carbide ball-nose endmiils of the present invention (hereinafter, referred to as coated 
20 endmiils of the present invention) 1 - 20 were made, respectively. The endmiils were composed of a shank portion and 
a two-flute portion and had a ball-nose radius of 5 mm and a helix angle of 30°. 

[0023] For the purpose of comparison, comparative coated cemented carbide endmiils (hereinafter, referred to as 
comparative coated endmiils) 1 - 20 were made, respectively under conditions similar to the above conditions except 
that cemented carbide substrates a - t, to which the surface layer formed by being heated at the high temperature was 
25 not formed, were used in place of the cemented carbide substrates A - T having the above surface layer as shown in 
Table. 13. 

[0024] Next, high speed copy milling was carried out, by means of the resultant coated endmiils 1 - 20 of the present 
invention and the resultant comparative coated endmiils 1 - 20, to alloy steel in a dry state by alternately effecting down- 
cut and up-cut milling under the following conditions and the worn width of the maximum flank face of the cutting edge 
30 of each of the endmiils was measured. 

material to be cut: SKD61 (hardness: HrC 53) 
cutting speed: 500 m/min 
feed per tooth: 0.1 mm/cutting edge 
35 depth of cut: 0.5 mm 
width of cut: 0.5 mm 
length of cut: 350 m 

Table 12 and Table 13 show the result of measurement, respectively. 

40 

(Embodiment 3) 

[0025] WC powder having a predetermined average particle size within the range of 0.1 - 1.5 um, various carbide 
powder, nitride powder, oxide powder and carbo-nitride powder each having the average particle size of 0.5 urn and 

45 constituting (Ti.Ta, Nb, Zr) C • N and (Cr, V) C • N • O, Co powder having the average particle size of 0.5 um and carbon 
powder for adjusting an amount of carbon were prepared as material powders. These material powders were blended 
to a predetermined composition, wet mixed in a ball mill for 72 hours and dried and thereafter pressed to green compact 
at the pressure of 1 ton/cm 2 and the green compact was vacuum sintered under conditions that it was held for one hour 
in the vacuum of 1 x 10* 3 torr at a predetermined temperature in the range of 1350 - 1500°C and cemented carbide sub- 

50 strates a - s which had the compositions shown in Table. 14 and comprised WC particles having the average particle 
sizes shown in Table 14 were formed. 

[0026] Further, cemented carbide substrates A - S were made by forming a surface layer formed by being heated at 
a high temperature to the surface portion of each of the cemented carbide substrates a - s under the conditions shown 
in Table 15, the surface layer having Co m W n C distributed therein over the average depths shown in Table 15. 
55 [0027] Subsequently, hard-material-coated layers having the compositions and the average layer thicknesses shown 
in Table 17 were formed under the conditions shown in Table 16 to the surface of each of the cemented carbide sub- 
strates A - S and coated carbide ball-nose endmiils of the present invention (hereinafter, referred to as coated endmiils 
of the present invention) 1-19 were made. The endmiils were composed of a shank portion and a two-flute portion and 
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had a ball-nose radius of 5 mm and a helix angle of 30°. 

[0028] For the purpose of comparison, comparative coated cemented carbide endmills (hereinafter, referred to com- 
parative coated endmills) 1 - 19 were made, respectively under conditions similar to the above conditions except that 
cemented carbide substrates a - s, to which the surface layer formed by being heated at the high temperature was not 
5 formed, were used in place of the cemented carbide substrates A - S having the above surface layer as shown in Table. 
18. 

[0029] Next, high speed copy milling was carried out, by means of the resultant coated endmills 1 - 19 of the present 
invention and the resultant comparative coated endmills 1 - 19, to alloy steel in a dry state by alternately effecting down- 
cut and up-cut milling, under the following conditions and the width of the maximum flank wear of the cutting edge of 
w each of the endmills was measured. 

material to be cut: SKD61 (hardness: HrC 53) 
cutting speed: 650 m/min 
- feed per tooth: 0.1 mm/cutting edge 
15 depth of cut: 0.5 mm 
width of cut: 0.5 mm 
time of cut: 50 min 

Table 17 and Table 18 show the result of measurement, respectively. 

20 [0030] It is apparent from the results shown in Tables 6 - 8, 12, 13, 17 and 18 that the hard-material-coated layers of 
the coated endmills of the present invention were not exfoliated and the endmills thereby exhibited excellent wear resist- 
ance, whereas the hard-material-coated layers of the comparative coated endmills were exfoliated in the midway of cut- 
ting and the endmills were greatly worn by the exfoliation and their life was ended in a relatively short time. 
[0031] In the coated carbide endmills of the present invention, since the adhesion of the hard-material-coated layers 

25 to the surface of the cemented carbide substrate is greatly improved by the ComWnC distributed in the surface layer 
formed to the surface portion of the base substance by being heated at the high temperature as described above, the 
hard-material-coated layers are not exfoliated not only when the endmills are used under usual cutting conditions but 
also even if they are used in high speed cutting. Accordingly, the coated cemented carbide endmills of the present 
invention exhibit excellent wear resistance for a long period of time. 

30 



Table 1 



Type 


Composition (wt%) 


Average grain size of WC 
(urn) 


Cemented carbide substrate 


a 


Co: 5, WC + impurities: balance 


1.2 




b 


Co: 8, WC + impurities: balance 


0.8 




c 


Co: 10. WC + impurities: balance 


1.0 




d 


Co: 12, WC + impurities: balance 


1.2 




e 


Co: 15, WC + impurities: balance 


0.6 




f 


Co: 20, WC + impurities: balance 


0.4 




g 


Co: 13, TiN: 2.5, WC + impurities: balance 


0.4 




h 


Co: 10, TaC: 2, WC + impurities: balance 


0.8 




i 


Co: 6, NbC: 0.5, WC + impurities: balance 


1.2 




j 


Co: 5, ZrCN: 0.1, WC + impurities: balance 


1.5 




k 


Co: 7, (Ti, Ta) N: 0.8. WC + impurities: balance 


1.0 




I 


Co: 15, (Ti, Nb) CN: 3.5, NbCN: 0.5, WC + impuri- 
ties: balance 


0.5 




m 


Co: 8, (Ti, Zr) CN: 1, WC + impurities: balance 


| 0.6 




n 


Co: 8, (Ta. Nb) C: 1.5, WC + impurities: balance 


1.0 
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Table 2 



Type 


Composition (wt%) 


Average 
grain size of 
WC (urn) 


Cemented carbide 
! substrate 


0 


CVv i? rrh Zrt (V 2 WC imnuritiGS* balance 


0.6 


P 


Co- 6 fZr bib) N- 1 2 NbN' 0 3 WC + impurities: balance 


1.2 


q 


Co: 10, (Ti, Ta, Nb) C: 2.2, WC + impurities: balance 


0.8 


r 


Co: 20, (Ti, Ta, Zr) N: 5, WC + impurities: balance 


0.1 


s 


Co: 12, (Ti, Zr, Nb) CN: 2.5, WC + impurities: balance 


0.6 


t 


Co: 8, (Ta, Nb, Zr) C: 1, TiCN: 0.5, WC + impurities: balance 


1.2 


u 


Co: 6, (Ti, la, cs x nd) u. i, wu + impurities, oaiance 


ft ft 


V 


Co: 10, TaN: 1.5, TIC: 0.5, WC + impurities: balance 


1.2 


w 


CO: 7, (Tl. Zr) C: 0.4, ZrN: 0.1 , WC + impurities: balance 


0.8 


X 


Co: 17, (Ti, Zr) N: 1, (Ti, Ta. Zr) C: 3, TaCN: 0.6, WC + impurities: bal- 
ance 


1.5 


y 


Co: 12, TiC: 0.2, ZrC: 0.8, (Ta, Nb) C: 1 , WC + impurities: balance 


1.0 


z 


Co: 15, TiN: 0.5, TaC: 1. ZrCN: 1, NbC: 0.5, WC + impurities: balance 


0.4 



25 



30 



35 



40 



45 



50 
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Table 3 



5 


Type 


Symbol ol 
substrate 


Surface layer formed by being heated at high temperature 








Forming conditions 


Average distrib- 
uted depth of 
CoJrVnC&im) 


10 






Atmosphere 


Temperature 
(°C) 


Holding time 
(min.) 




15 






Ratio of 
comoosition 
blended to 

H 2 (vor%) 


Pressure 
ftorrt ! 

\\SJU) j 










Cemented 


A 


a 


COgi 1 1 


250 


950 


6 


1.64 




carbide sub- 
strate 


B 


b 


TiCI 4 : 2 


550 


900 


11 


0.83 


20 


C 


c 


C0 2 : 10 


300 


950 


10 


1.27 






D 


d 


TiCI 4 : 3 


400 


920 


7 


0.80 






E 


e 


C0 2 : 10 


50 


900 


5 


t\ OA 


25 




F 


f 


TiCI 4 : 2 


150 


900 


5 


0.41 




G 


g 


TiCI 4 : 2 


450 


900 


10 


1.73 






H 


h 


C0 2 :11 


350 


950 


12 


1.48 






I 




C0 2 :9 


550 


1000 


15 


2.00 


30 




J 


j 


TiCI 4 : 1 


300 


950 


10 


0.99 






K 


k 


TiCI 4 : 3 


50 


1000 


5 


0.45 






L 


1 


C0 2 : 11 


200 


. 950 


5 


1.28 


35 




M 


m 


C0 2 :9 


80 


900 


6 


0.31 



40 



45 



50 



55 
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Table 4 



Type 


Symbol of 
substrate 


Surface layer formed by being heated at high temp 


erature 






Forming conditions 


Average distrib- 
uted depth of 

_ \«i r* /„ m \ 






Atmosphere 


Temperature 
(°C) 


Holding time 
(min.) 








Ratio of mm- 

nauu ui win 

posiblended 
to H 2 (vol%) 


Pressure 
(torr) 








Cemented 


N 


n 


TiPl • 1 
I IWI4. 1 




900 


13 


1.02 


carbide sub- 
strate 


0 


o 


TiCI 4 : 3 


450 


950 


11 


0.56 


P 


P 


C02:9 


300 


1000 


13 


1.52 


Q 


q 


C0 2 : 10 


500 


950 


15 


1.80 


R 


r 


T1CI 4 : 1 


100 


900 


6 


0.53 


S 


s 


T1CI4: 3 


450 


1000 


14 


1.45 


T 


t 


C0 2 :11 


500 


1000 


15 


1.82 


U 


u 


TiCI 4 : 1 


50 


900 


5 


0.11 


V 


V 


TiCI 4 :3 


100 


900 


7 


0.36 


w 


w 


C0 2 :9 


300 


950 


I 9 


1.01 I 


X 


X 


T1CI 4 : 2 


450 


900 


10 


1.98 


Y 


y 


C0 2 :11 


100 


900 


6 


0.33 


z 


z 


T1CI4: 2 


400 


950 


8 


1.01 



10 



15 



20 



25 



30 



Table 5 



40 



45 



50 



55 



Type of hard-material- 
coated-layer 


Hard-material-coated-layer forming conditions 




Composition of reaction gas (vol%) 


Reaction i 


atmosphere 






Pressure (torr) 


Temperature (°C) 


Al 2 0 3 * 


AI 21 CI 3 :4, C0 2 : 10, H 2 S: 0.2. HCI: 2, H,: balance 


50 


1020 


| Al 2 0 3 


AI[OCH(CH3)2] 3 : 0.3,. H 2 : balance 


50 


900 


TiC 


T1CI 4 : 2, C 3 H 8 : 5, H 2 : balance 


100 


900 


TiN 


T1CI4: 2, N : 30, H : balance 


100 


850 


TiCN 


T1CI4: 2, N 2 : 10, CH 3 CN: 0.8, balance 


70 


900 


TiCO 


TiCI 4 :3, CO: 2. H 2 : balance 


100 


900 


TiNO 


T1CI4: 3. CO: 1, N 2 : 15, H 2 : balance 


50 


900 


TiCNO 


T1CI4: 3. CO: 2, N 2 : 15, H 2 : balance 


50 


900 


[In Table 5, item with * s 
medium temperature che 


hows high temperature chemical vapor deposition (HT-<jvu) ana items wuhgut sh™ 
mical vapor deposition (MT-CVD).] 
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Table 9 



5 


Type 


Composition (wt%) 


Average grain size of WC 
(jim) 






Co 


Cr 


V 


WC + impurities 






Cemented carbide substrate 


a 


8.1 


0.52 


0.10 


balance 


0.52 






b 


9.8 


0.40 


0.21 


balance 


0.76 


10 




c 


7.8 


0.28 


0.12 


balance 


0.95 






d 


10.3 


0.11 


0.30 


balance 


0.03 






e 


12.4 


0.23 


0.45 


balance 


0.51 


15 




f 


11.6 


0.78 


0.22 


balance 


0.80 






9 


19.7 


1.71 


0.31 


balance 


o.n 






h 


15.1 


0.13 


0.08 


balance 


A AO 

1.23 








10.2 


- 


1.52 


balance 


0.30 


20 




i 


7.9 


- 


0.61 


balance 


1.17 






if 


5.0 


• 


0.11 


balance 


1.50 






I 






0.48 


balance 


0.82 


25 




m 


6.3 




0.29 


balance 


0.12 






n 


19.8 




0.13 


balance 


1.54 






0 


10.1 


0.82 




balance 


1.04 






P 


8.0 


0.55 




balance 


0.51 


30 




q 


6.1 


0.32 




balance 


1.47 






r 


17.8 


1.54 




balance 


0.33 






s 


15.2 


0.96 




balance 


0.80 


35 




t 


12.0 


1.03 




balance 


0.49 
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Table 10 



5 


Type 


Symbol of 
substrate 


Surface layer formed by being heated at high temperature 








Forming conditions 


Average distrib- 
uted depth of 
Co m W n C(Mm) 


10 






Atmosphere 


Temperature 
(°C) 


Holding time 
(min.) 




15 






Ratio of com- 

Dosition 
blended to H 2 
(vol%) 


Pressure 










Cemented 
carbide sub- 
strate 


A 


a 


C0 2 : 11 


250 


1000 


5 


0.96 




B 


b 


TiCI 4 : 2 


450 


950 


1 


0.52 


20 




C 


c 


C0 2 :9 


350 


1000 


10 


1.52 






D 


d 


TiCI 4 : 2 


550 


900 


7 


1.04 






E 


e 


T1CI 4 : 3 


500 


1000 


7 


1.50 






F 


f 


TiCI 4 : 1 


300 


900 


7 


0.48 


25 




G 


g 


TiCI 4 : 2 


50 


900 


1 


0.12 






H 


h 


C0 2 :9 


200 


950 


3 


0.31 






I 


i 


TiCI 4 : 1 


400 


950 


7 


1.06 


30 




J 


j 


TiCI 4 : 2 


450 


950 


7 


1.33 






K 


k 


C0 2 : 10 


550 


1000 


10 


1.95 






L 


I 


C0 2 :9 


250 


950 


5 


0.51 


35 




M 


m 


TiCI 4 : 3 


550 


1000 


7 


1.80 






N 


n 


C0 2 :9 


500 


1000 


16 


1.76 






0 


0 


TiCI 4 : 2 


400 


950 


5 


0.97 






P 


P 


TiCl 4 : 2 


500 


950 


16 


1.46 


40 




Q 


q 


TiCI 4 : 3 


200 


900 


3 


0.30 






R 


r 


TiCI 4 : 1 


550 


950 


10 


1.89 






S 


s 


C0 2 : 10 


100 


900 


1 


0.28 


45 




T 


t 


C0 2 : 11 


200 


950 


3 


0.47 



Table 11 



Type of hard-material- 
coated-Iayer 


Hard-material-coated-layer forming conditions 




Composition of reaction gas (vor%) 


Reaction atmosphere 






Pressure (torr) 


Temperature (°C) 


AI.CV 


AI 2 Cl 3 : 4, C0 2 : 10, HaS: 0.2, HCI: 2. H 2 : balance 


50 


1020 


AfeOa 


AI[OCH(CH 3 )2] 3 : 0.3, balance 


50 


900 



14 
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Table 11 (continued) 



Type of hard-material- 
coated- layer 


Hard-material-coated-tayer forming conditions 




Composition of reaction gas (vol%) 


Reaction atmosphere 






Pressure (torr) 


Temperature (°C) 


TIC 


TiCI 4 : 2, C3H 8 : 5, hfe: balance 


100 


900 


TiN 


TiCI 4 : 2, N 2 : 30, H 2 : balance 


100 


850 


T1CN 


TiCI 4 : 2, N 2 : 10, CH 3 CN: 0.8, H 2 : balance 


70 


900 


TiCO 


TiCI 4 : 3, CO: 2, H 2 : balance 


100 


900 


TiNO 


TiCI 4 : 3, CO: 1, N 2 : 15, H 2 : balance 


50 


900 


TiCNO 


TiCI 4 : 3, CO: 2. N 2 : 15. H 2 : balance 


50 


900 


[In Table 11. item with * shows high temperature chemical vapor deposition (HT-CVD) and items without * show 
medium temperature chemical vapor deposition (MT-CVD).] 
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Table 14 



15 



25 



30 



Type 


Composition (wt%) 




Average grain size of 
WC furm 




Co 


Cr 


V 


Ti, Ta, Nb, Zr) U * N 


Ww + IfTipUllUtSO 




Cemented carbide 


a 


12.0 


0.48 


0.50 


-r— h o . A ft 

T iC: 1 .9 




0.9 


SUUou die 


b 


7.9 


0.23 


1.02 


TaN: 0.5 


Udldl lUc 


1.2 | 




c 


14.8 


1.41 




TaCN. i .o 


halance 


0.4 




d 


10.1 


1.42 


0.51 


NdN. 1.3 


Udldl lUC 


0.5 




e 


17.8 




1.55 


NuKjV*. o.o 


halanrp 

Udldl iwC 


0.2 




f 


5.3 




0.10 




halariPP 
Udldl iuc 


1.3 




g 


9.8 


0.52 




lau. i.u 


ha la nee 
Udidi iwc 


1.0 




h 


12.1 




0.16 


Kit*/**. O ft 

NbC. 3.0 


halanpp 
Udidi iwc 


0.5 




i 


7.8 


0.39 




ZrN:1.2 


ha lance 


1.5 




i 
j 


14.7 




1.21 


TiCN: 4.1 


halancp 
Udidi ioc 


1.0 




k 


5.0 


0.20 




TiN: 0.5 


balance 


1.0 




1 


15.2 


1.23 


- 


ZrC: 2.3 


balance 


0.3 




m 


11.9 


1.04 




(Ta,Nb)C:1.5 


balance 


0.5 




n 


10.2 


0.79 




TaC: 0.5, ZrN: 0.5 


balance 


0.8 




0 


5.3 




0.17 


(Ti.Ta, Zr)C: 0.1 


balance 


1.5 




P 


19.8 


0.87 


0.97 


(Tl. Ta, Nb, Zr) C: 5.0 


balance 


0.1 




q 


8.1 




0.39 


(Ti,Zr)C:1.0. NbC: 
0.1 


balance 


1.2 




r 


16.9 




1.98 


(Ta,Nb)C: 0.5, TaC: 
1.0 


balance 


0.5 




s 


9.8 


0.89 




Tic: 0.2, TaN: 0.8 
NbC: 0.2, ZrCN:1.6 


balance 


0.5 
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Table 15 



5 


Type 


Symbol of 
substrate 


Surface layer formed by being heated at high temperature 


10 






Forming conditions 


Average dis- 
tributed 
ueptn OT 
Co m W n C 
Oim) 








Atmosphere 


Temperature 
(°C) 


Holding time 
(min.) 




15 






Ratio of com- 
position 
blended to H 2 
(vol%) 


Pressure 
(torr) 








20 


Cemented 


A 


a 


C0 2 : 9 


500 


950 


13 


1.22 


carbide sub- 
strate 


B 


b 


TiCI 4 : 3 


350 


950 


8 


0.54 






C 


c 


C0 2 :11 


400 


900 


1*5 


j 1.01 






D 


d 


TiCI 4 : 2 


250 


950 


e 

D 


0.87 


25 




E 


e 


C0 2 : 10 


150 


SOU 


o 

£. 


0.30 






F 


f 


TiCI 4 : 1 


400 


mnn 


Q 
O 


1.13 






G 


9 


C0 2 :11 


350 


900 


5 


0.42 


30 




H 


h 


T1CI 4 : 2 


350 


950 


10 


1.04 




I 


i 


C0 2 : 10 


400 


1000 


15 


1.53 






J 


i 


TiCI 4 : 3 


450 


900 


13 


1.31 






K 


k 


TiCI 4 : 3 


550 


1000 


15 


1.94 


35 




L 


I 


C0 2 :9 


500 


950 


10 


0.87 






M 


m 


TiCI 4 : 2 


350 


950 


6 


0.45 






N 


n 


C0 2 : 10 


400 


920 


8 


0.51 






0 


0 


C0 2 :11 


200 


900 


4 


0.34 


40 




P 


P 


C0 2 :9 


50 


900 


2 


0.11 






Q 


q 


TiCI 4 : 1 


300 


1000 


3 


0.80 






R 


r 


TiCI 4 : 1 


150 


950 


7 


0.23 


45 




S 


s 


TiCI 4 : 2 


100 


900 


5 


0.17 



50 
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Table 16 



Type of hard-material- 
coated-layer 


Hard-material-coated-layer forming conditions 




Composition of reaction gas (vol%) 


Reaction « 


itmosphere 






Pressure (ton*) 


Temperature (°C) 


AI 2 <V 


AI 2 CI 3 : 4, C0 2 : 10. H 2 S: 0.2. HCI: 2. H 2 : balance 


50 


1020 


Al 2 0 3 


AI[OCH(CH 3 )2) 3 : 0.3. H 2 : balance 


50 


900 


TIC 


T1CI4: 2, C^: 5. H 2 : balance 


100 


900 


TIN 


TiCI 4 : 2. N 2 : 30. H 2 : balance 


100 


850 


TiCN 


TiCI 4 : 2, N 2 : 10. CH 3 CN: 0.8, H 2 : balance 


70 


900 


TiCO 


TiCI 4 : 3, CO: 2, H 2 : balance 


100 


900 


TiNO 


TiCI 4 : 3, CO: 1. N 2 : 15, H2: balance 


50 


900 


TiCNO | TiCI 4 : 3, CO: 2, N 2 : 15. H 2 : balance 


50 


900 


[In Table 16, item with * shows high temperature chemical vapor deposit™ ih i-ovu; ana nems wrihuU oh™ 
medium temperature chemical vapor deposition (MT-CVD) .] 
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TO 



T5 



20 



25 



30 



35 



40 



45 



SO 



3* 



H U 



.5 

to a 



I 



•4* 



i 



o 

i 



z 



i-T 



O 

z 

u 

"H 



H 
< 



■H 



5 



s 

P o 0 ° ftfl 



S3 
o 

5 1 



Si 



55 
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Table 18 





Type 


OyiTiDOl OT 

substrate 




Result of cuttina test 


5 


Comparative 
coated carbide 


1 


a 


similar to coaiea caroiae enurum 
1 of the present invention 


life enHpH in Aft min ! 

IMC Cl lUCU 111 HU llllll 




endmill 


2 


D 


similar to coaieu caiuiue enurum 
2 of the present invention 


lifp pitHpH in 4ft min 

II IC CI RJCU II 1 "tv 1 1 111 1 


10 




3 


C 


similar to coaieo caroiae enamiu 
3 of the present invention 


lifp pndpd in min 
nits eiiueu in w mill 






4 


0 


Similar 10 cociieu ccuuiue ciiumini 
4 of the present invention 


life ended in 45 min 

II IU CI lUCw III llllll 


15 




5 


0 

e 


similar to coated carbide endmill 
5 of the present invention 


life ended in 20 min 






6 


f 


similar to coated carbide endmill 
6 of the present invention 


life ended in 45 min 


£V 




7 


9 


cimilar to roateH narhide endmill 

oil I nidi wj ouciicvj ufli uiuo ciiuiihh 

7 of the present invention 


life ended in 45 min 






8 


u 

n 


simitar iu cudieu cdiuiuc ci iumun 
8 of the present invention 


life pnded in 20 min 

11 IC CI IUCU III fm\J llllll 


25 




9 


i 


similar to coaiea caroiae enamiu 
9 of the present invention 


lifp prvf pH in Pft min 
me ci men ii i i iiii i 






10 


i 


similar to coaiea caroiae enamiu 
10 of the present invention 


Hfp pndpd in 25 min 

NIC CI IU6U II 1 £-»-» inn ■ 


30 




11 


K 


similar to coated caroiae enamin 
11 of the present invention 


lifp pndpd in Pft min 

NIC CI lUcvJ II 1 tU 1 1 III 1 






12 


1 


similar to coaiea caruiae enamiu 
12 of the present invention 


lifp pnrlpd in *30 min 
mo ci iucu ii i Ow 1 1 in i 


35 




13 


m 


similar to coaiea caruiae enamiu 
13 of the present invention 


lifp c^r\r\pc\ in 45 min 

IIIC CI HJCU III *T\J llllil 






14 


n 


similar 10 coaiea caroiae cnumm 
14 of the present invention 


life ended in 45 min 

IIIC Cl IUCU II 1 *T%^ II III I 


40 




15 


0 


eimilar to rriatpH parhidp pndmill 
oUTuldi IU WJdlCVJ udiuiuc einjiiuu 

15 of the present invention 


life ended in 40 min 

II IC CI IUCU II 1 »w 1 1 Hi I 






16 


P 


similar to coated carbide endmill 
16 of the present invention 


life ended in 30 min 


45 




17 


q 


similar to coated carbide endmill 
17 of the present invention 


life ended in 35 min 






18 


i r 


similar to coated carbide endmill 
18 of the present invention 


life ended in 45 min 


50 




19 


s 


similar to coated carbide endmill 
1 9 of the present invention 


life ended in 40 min (life is ended 
by exfoliation of hard-material- 
coated-layer in any case) 



Claims 

55 

1. A coated cemented carbide endmill having hard-material-coated layers excellent in an adhesion, comprising a 
tungsten carbide based cemented carbide substrate, wherein the tungsten carbide has a refined particle structure 
having average particle size of 0.1 - 1.5 jim. the tungsten carbide substrate has a surface layer in which carbide 
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(Co m W n C) are distributed over a depth of 0:1 - 2 um from the uppermost surface at the cutting edge thereof and 
further the cemented carbide substrate has the hard-material-coated layers composed of Ti compound layer 
formed thereto in an average layer thickness of 0.5 - 4.5 um the Ti compound layer being composed of one or more 
layers of TiC. TIN, TiCN, TiCO. TiNO. TICNO. 

5 

2. A coated cemented carbide endmill having hard-material-coated layers excellent in an adhesion, comprising a 
tungsten carbide based cemented carbide substrate, wherein the tungsten carbide has a refined particle structure 
having average particle size of 0.1 - 1.5 um, the tungsten carbide substrate has a surface layer in which carbide 
(Co m W n C) are distributed over a depth of 0.1- 2 um from the uppermost surface at the cutting edge thereof and 

10 further the cemented carbide substrate has the hard-material-coated layers composed of Ti compound layer and 
Al 2 0 3 layer formed thereto in an average layer thickness of 0.5 - 4.5 um, the Ti compound layer being composed of 
one or more layers of TiC, TiN, TiCN, TiCO, TiNO, TiCNO. 

3. A coated cemented carbide endmill having hard-material-coated layers excellent in an adhesion, comprising a 
15 tungsten carbide based cemented carbide substrate, wherein the tungsten carbide has a refined particle structure 

having average particle size of 0.1 - 1 .5 ^m, the tungsten carbide substrate has a surface layer formed to the sur- 
face portion thereof which is formed by being heated at a high temperature and in which carbide (Co m W n C) created 
by the reaction of Co and W are distributed over a depth of 0.1- 2 um from the uppermost surface at the cutting 
edge thereof and further the cemented carbide substrate has the hard-material-coated layers composed of Ti conv 
20 pound layer formed thereto in an average layer thickness of 0.5 - 4.5 um, the Ti compound layer being composed 
of one or more layers of TiC, TiN, TiCN, TICO, TiNO, TiCNO formed by medium temperature chemical vapor dep- 
osition at a temperature of 700 - 980 °C. 

4. A coated cemented carbide endmill having hard-material-coated layers excellent in an adhesion, comprising a 
25 tungsten carbide based cemented carbide substrate, wherein the tungsten carbide has a refined particle structure 

having average particle size of 0.1 - 1 .5 um, the tungsten carbide substrate has a surface layer formed to the sur- 
face portion thereof which is formed by being heated at a high temperature and in which carbide (Co m W n C) created 
by the reaction of Co and W are distributed over a depth of 0.1- 2 um from the uppermost surface at the cutting 
edge thereof and further the cemented carbide substrate has the hard-material-coated layers composed of Ti com- 
30 pound layer and Al 2 0 3 layer formed thereto in an average layer thickness of 0.5 - 4.5 um, the Ti compound layer 
being composed of one or more layers of Tic, TIN, TiCN. TICO, TiNO, TiCNO formed by medium temperature 
chemical vapor deposition at a temperature of 700 - 980 °C. 

5. A coated cemented carbide endmill according to Claim 1 to 4, wherein said cemented carbide substrate have a 
35 composition of 5 - 20 wt% of Co as a binder phase forming component and the balance being tungsten carbide as 

a dispersed phase forming component and inevitable impurities. 

6. A coated cemented carbide endmill according to Claim 1 to 4, wherein said cemented carbide substrate have a 
composition of 5 - 20 wt% of Co as a binder phase forming component, 0.1-2 wt% of Cr and/or V as a binder phase 

40 forming component and the balance being tungsten carbide as a dispersed phase forming component and inevita- 
ble impurities, 

7. A coated cemented carbide endmill according to Claim 1 to 4, wherein said cemented carbide substrate have a 
composition of 5 - 20 wt% of Co as a binder phase forming component, 0.1-5 wt% of one or more kinds of carbides 

45 and nitrides of Ti, Ta, Nb and Zr as well as two or more kinds of solid solutions thereof as a dispersed phase forming 
component and the balance being tungsten carbide as a dispersed phase forming component and inevitable impu- 
rities. 

8. A coated cemented carbide endmill according to Claim 1 to 4, wherein said cemented carbide substrate have a 
so composition of 5 - 20 wt% of Co as a binder phase forming component, 0.1-2 wt% of Cr and/or V as a binder phase 

forming component, 0.1-5 wt% of one or more kinds of carbides and nitrides of TI, Ta, Nb and Zr as well as two or 
more kinds of solid solutions thereof as a dispersed phase forming component and the balance being tungsten car- 
bide as a dispersed phase forming component and inevitable impurities. 
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